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(71) We, YAMAMOTO BYORA 
COMPANY LIMITED, a Japanese corpora- 
tion, of 2—2, 4-chome, Arakawa, Arakawa-ku, 
Tdkyo^ Japan, do hereby declare the invent- 
tion, for which we pray that a patent may be 
granted to us, and die method by which it is 
to be perf onned, to be particular^ described 
in and by the following statement: — 

This invendon relates to a soew-threaded 
fastener such as a bolt or screw and more 
pardcolar to a fastener having a recess in rae 
end thereof vdiich is Bdzpisd to receive a 
fastener driving tod and micfa is provided on 
its inner peripheral wall widi a plurality of 
Tibs and ^oves. 

' Already known is a screw provided widi a 
dotted head or cross recessed head. How- 
ever, such a screw has the drawbadcs that the 
efBdency with ^cb a force its transmitted 
&om a driving tooH to the screw is subject to 
limitation, and that the inner wall of the slot 
(ff cross recess is readily worn or damaged. 

Further, a known bolt bearing a hexagonal 
recessed head has a rdativeiy large "driving 
angle" of, for example 60°. The "driving 
ai^e" is the angle between (a) a straight line 
radOaily extending from die centre of die bolt 
head dirough a force application point on die 
surface thereof and (b) the tangent to the sur- 
face of the screw driver at the force applica- 
ti<m point. This can cause the screw driver 
to slip and in consequence give rise to des- 
truction of the inner wall of the head recess. 
Also, a large part of the applied force does 
nt>t serve to drive the screw^ 

It is accordingly an db)&x of diis mven- 
tion to obviate or mitigate the above dis- 



According to die present invention, there is 
provided a screw-thread fastener comprising a 
recess in one end thereof which is adapted to 
receive a fastener driving tool, die recess being 
provided on its inner peripheral wall with a 
plurality of ribs extending substantially paral- 
lel to the axis of the fastener and a ^urality 
of grooves defined between the respective 
adjacent ribs, die cross-sectional pn^e of the 



outer surface of each groove comprising an 
arc of a first, common drde whose centre is 
situated substantially on the axis of the 50 
fastener, die cross-sectional profile of eadi rib 
being formed by an arc of a respective second 
cude vdiicfa intersects said first drde, the 
centre of the respective second cirde being 
disposed on or within die periphery of die 55 
first drde, each rib merging with each adja- 
cent groove diTDugh the intermediary of a 
curved portion viiicfa, in cross-sectioml pro- 
file, joins die rib at a pomt at which a radius 
of said first drde tangendally contacts die re- 60 
spective second drde (X* at a pomt furdier 
away from die centre of die first drde dian 
said tangential contact point 

When subjected to a torque by a fastener 
driving too! having a cross-section correspond- 65 
ing to that of the recess, die driving ai^e is 
r^uced to zero and the fastener of this mven- 
tion is saved from any component force which 
possibly gives rise to slipping of the drivmg 
tod. Therefore, the torque applied to the 70 
driving tO(A is transmittal effidentiy to the 
fastener, causing neither damage or wear of 
die latter. Also, die driving tool does not 
ride out of the recess. 

For practical purposes, the centre of wch 75 
second cirde preferably lies between the peri- 
phery of the fast drde and a chord connecting 
die pomts of inter-section between the first 
drde and the respective second drde. 

Even when the centre of the respective 80 
second cirde is positioned nearer the centre of 
the first drde dian the above-mentioned 
chord, the driving angle can still be reduced 
to zero.. In this case, however, those por- 
tions of each rib and each adjacent groove 85 
which are immediatdy adjacent the respective 
curved portion therebetween indude an acute 
an^e, thereby undesirably narrowing the 
opening of each groove between the adjacent 
ribs. 90 

As stated above, in the fastener of the pre- 
sent invention, each rib merges with each 
adjacent groove through the intermediary of a 
curved portion. This dimmates what would 
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otherwise be an angular comer between each 
rib and each adjacent groove, ther^y reducing 
the risk of damage to the fastener. 
The ribs are preferably provided equidis- 
5 tandy on the inner perpheral wall of the re- 
cess, with die diameter do of each second 
drde being defined by the fonnula: 



50 



1 TT . 4 r 

— . Dp<do<— . Do 

2 n 5 n 



(1) 



where n is the number of ribs and Do is the 

10 diameter of the first drde. 

Where all of the force applied by the 
driving tool is transmitted to a fastener satis- 
fying the above fonnula, neither the fastener 
nor the driving tool is subject to any damage 

15 for the reason given below. 

The materials from which a screw-threaded 
fastener (sudi as a bolt or screw) and a 
fastener driving tool are made have a tensile 
strength generally specified to fall within the 

20 ranges of 45 to 180 kg/mm= and 120 to 
180 kg/mm*, respectivdy. The shearing 
strength of such materials^ particularly sted^ 
is generally proportional to its tensile strengdL 
The ratio whidi the sharing strength of the 

25 material of the fastener bears to that of die 
driving tool lies between 14 : 1 and 1 : 4. Since 
&e fastener does not nonhally have a lar^' 
shearing strengdi Aan die dnving toolj the 
above-mentioned range may be r^arded to 

30 est^ from 1:1 to 1:4. It is seen from this 
fact ihatj vAm die widdi of each rib in 
the recess bears a ratio ranging between 1:1 
and 4: 1 to that of a lobe of the drivuig tod 
which engages a groove between die respective 

35 libs, ibea both rib and lobe have an eqi^ 
shearing resistance. Since the widdi L of 
each rib of the fastener approximates to the 
diameter do of the respective second drde, 
the rib width L and the width 1^ of die lobe 

40 of the driving tool have die following rda- 



(2) 



On the other hand, die width h of the 
ld)e of the driving tool is substantially equal 
to the width k of each groove of the fastener, 
45 which in turn approximates to die length of 
each arc of the first cirde defined between 
die respective ribs. Therefore, die widdi h 
of the lobe of the driving tool may be ex- 
pressed by the following fonnula: 



fl 



(3) 



The previously mentioned fonnula (1) is 
derived from die fonnulae (2) and (3). 

Since the shearing strengths of the fastener 
and tile driving tod most often used in prac* 



tice have a ratio ranging between 1:2 and 55 
1 : 3, it is advisable to define the diameter of 
eadi second drde as expressed by tiie fol- 
lowing fonnula: 



2 3 

3 n 4 n 



(4) 



As viewed vertically of the fastener, the 60 
periiAeral surface of each rib is preferably 
tapped inwardly at an angle of V to 10° 
to die axis of the fastener, and slighdy more 
than the inner wall of the corresponding 
igroove of die driving tod. This arrangement 65 
enables a punching tool to be easily rdeased 
from die recess of the fastener wbsn it is 
manufactured, and also enables die fas^ner 
and the driving tool to be firmly enga^ widi 
each odier, 70 

It is desirable to provide four to eigh^ 
parriculariy six ribs on the inner peripheral 
wall of the recess. If fewer than four ribs are 
provided, then diflficulties will arise in quiddy 
locating die drivmg tool widi respect to the 75 
recess. Conversdy, where more tiian dght 
libs are provided, die n'bs wiU be decreased 
in size and will be readily worn, and moreover 
errors will probably occur in the ^jmenrfogg 
and positicms of the ribs when die fastener is 80 
&bricated. 

Embodiments of the present invention will 
now be described, by way of example, widi 
reference to die accompanying drawings, in 
wbidi: 85 

Egs. 1 and 2 are respectivdy a plan view 
and an devational view of a first embodi- 
ment of a screw-threaded fastener according 
to the present invention, in the form of a 
screw; 90 

Figs. 3 and 4 are respectivdy a bottom view 
and a fractional devationd view of a driv- 
ing tool engageable with a recess in the 
fastener of Figs. 1 and 2; 

Fig. 5 is a cross-sectiond view of the driv- 95 
ing tool of Figs, 3 and 4 engaged widi die 
recess in tiie fastener of Figs. 1 and 2; 

Fig. 6 is a schematic illustration of another 
embodiment of the fastener of Figs. 1 and 2; 

Fig. 7 is a sdiematic plan view of the 100 
fastener of I^gs. 1, 2 and 5 showing ribs 
thereof in detail; 

Fig. 8 is a sectiond view on line 8—8 of 
Fi^ 5; 

Fig. 9 is a diagram showing die rdation- 105 
ship betweoi the angles of taper of a rib of 
the fastener and of a correq^mdii^ part of a 
driving tool; 

Figs. lOA to lOD are respective plan views 
of further embodiments of a fastener HO 
according to the present invention; and 

Figs. 11 A to UD are respectbe fractiond 
devationd views of the fasteners of Hgs. lOA 
to lOD. 

Referring to Figs, 1 and 2, the screw 10 115 
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of this invention has a plain head 12 having a 
xecess 11 dietein and a threaded shank 13 co- 
axial widi the recess 11 extending downward 
frtmi the underside of the head 12. Six ribs 

5 14 are equidistandy provided on the inner 
peripheral wall of die recess 11, a groove 15 
bdng defined between eadi pair of adjacent 
ribs 14. The lower portion of the recess 11 is 
formed, as is apparent from Figs. 2 and 8, in 

10 an inverted conical shape. The rib 14, the 
• aoss-secdon profile of which comprises an 
arc of a drde 16, extends from the top of 
die head 12 to the bottom of the recess 11. 
The outer surface of each groove 15, namdy, 

1 5 that pordon of the inner peripheral wall of the 
recess 11 whidi is disposed between die re- 
spective ribs, in cross*sectbnal profile com- 
prises an arc of a larger drde 17. 
A driving tool, in the form of a screw 

20 driver 18, is shown in Figs« 3 and 4 has a 
plurality of grooves 19 engageable with die 
ribs 14 of the . recess 11 and a i^uzali^ of 
lobes 20 engageable with the grooves 15 of 
die recess 11, the cross-section of the screw 

25 driver 18 being substamially comi^ementaiy 
to that of die recess 11. In use, die screw 
driver 18 is driven by a lever (not shown) to 
apfiy a torque to die screw head 12. 
when a torque is transmitted from the 

30 screw driver 18 to die sa&w 10, it is im- 
pcfftant to pay attention to the ^'driving 
angled' which is, as previously mentioned, the 
. aogle d^ned betweoi (a) a straight line ex- 
tending radially from the centre 0 of the drde 

35 17 through a force a{^lication point F (Fig. 
5) (at which die lobes 20 of the screw driver 
18 api^y a force to die ribs 14 of die screw 
head recess 11) and (b) die tangent to die 
respective drde 16 at die force application 

40 point F. The ribs 14 of die recess 11 are so 
shaped as to reduce die "driving angle^ sub- 
stantially to zero. In the embodiment of I^gs. 
1, 2 and 5, die centre d of each drde 16 
is situated on the periphery of the drde 17. 

45 In this case, the tangent to each cfrde 16 
at the force appUcatioo point F is substan- 

tiaUy aligned with a straight line OF, reduc- 
ing the "driving angle" substantially to zero. 

50 The centre d of each drde 16 in die em- 
bodiment of Fig. 6 falls on a chord 22 con- 
necting die points P of intersection betweoi 
that drde 16 and the drde 17. Since the 
recess 11 and screw driver 18 may be re- 

55 garded as having substantially the same cross- 
sectional form, die outlines of both cross-sec- 
tions are indicated by a common line in Ing. 
6. The tangent to the drde 16 at the force 
application point is also aligned with a 

60 straight radM Ime OF, In addition, each 
8traii}it radial line OF coinddes widi a tangent 
to the respective drde 16, reducing the driv- 
ing aogle to zero^ In consequence, all of die 
force applied to the screw driver 18 is trans- 

65 mitted to the screw without the occurrence 



of any component force leading to slipping 
or riding out of the screw driver. 

As is shown in detail in Fig. 7, each rib 
merges with each adjacent groove through the 
btermediary of a curved portion whose cross- 70 
sectional profile comprises an arc 23a of an 
imaginary small drde 23 at the base of die 
rib. This arrangement eliminates what would 
odierwise be an angular comer on the inner 
peripheral wall of the recess 11, thereby mini- 75 
mizing damage to or wear the ribs 11 
when the fastener is fabricated or a torque is 
transmitted thereto from a driving tool. As 
viewed in cross-section, each curved portion 
joins die respective rib at a point at which a 80 
radius of the cirde 17 tangentially contacts the 
respective second drde 16, or at a point fur- 
dier away from the centre 0 of the drde 17 
than said tangential contact point If the 
centre Oi of eadi drde 16 were to be 85 
situated exacdy on the point of intersection 
between the tangents to the drde 17 at the 
points P of intersection between the drde 17 
and diat drde 16, it would be hnpossible to 
provide a curved portion between each rib 90 
and each adjac^t groove and still arrange for 
the driving angje to be zero^ i.e. sudi that 
almost all Ae force applieid at diat point 
is transmitted to the screw. If the centre Oi 
of eadi drde 16 were to be situated doser 95 
to die centre O of the drde 17 than the 
tangent intersection pcrint but outside the 
periphery oi die drde 17, the curved por- 
tions would be very snail. 

Since, as previously mentioned, the width 100 
h of eadi lobe 20 of the driving tool is sub- 
stantially equal to the width h of each groove 
15 of die screw, it is preferred to set the 
ratio of die widdi L of each rib 14 of the 
screw, to die widdi R, of each groove 15 . within 105 
the range 1:1 to 4:1, most preferably 2:1 
to 3 : 1, in order to equalize the bearing re- 
sistance the ribs 14 of die screw with that 
of tfie lobes 20 of die driving tool. 

Referring again to Fig. 5, since die widdi L \ 10 
of each rib 14 is substantially equal to die 
diameter of the respective drde 16, die 
foQowing formula results: 

lo<Lt^<fo<4fo 

and preferably 115 

2/o<rfo<3A, 

On the odier hand, die widdi h of each groove 
15 is substantially equal to die length of a 
respective arc of die cirde 17 defined between 
the drdes 16 of the respective two adjacent 120 
ribs 14, six grooves 15 are provided, and the 
cirde 17 has a diameter Do. Accordingly, the 
widdi h of each groove 15 may be expressed 
by die following formula: 
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1 
6 

Throughout the foregoing embodiments, there- 
fore, tibe diameter of eadi drde 16 is de- 
fined as follows: 

1 2 

5 8rDo<rfo< >rDo 

12 IS 

and preferably 

1 1 

9 8 

With die diameter do of each dide 16 being 
as given aboY^ the ribs 14 <rf die screw and 

10 die lobes 20 of die driving tool have a sub- 
stantially equal shearing resistance and are 
saved horn any damage, even when all of die 
force applied to the driving tool is trans- 
mitted to die screw 10. 

15 Referring to Fig, 8, die peripheral sur- 
faces of the ribs 14 taper inwardly at an 
angle a to the axis 0—0 of die screw. On 
die odier hand, the inner peripheral walls of 
the grooves 19 of the driving tool 18 taper 

20 inwardly at an angle j5 to the axis 0 — 0 of 
the driving tool 18. In this case, the angles a 
and are specified to have die following rela- 
tionship: 

25 Funber, the minimum distance Lq between 
the apex of eadi rib 14 of the screw and the 
axis 0—0 bears following relationship to the 
minunum distance Li between the bottom 
wall of each groove 19 of die driving tool and 

30 die axis O-O: 

Therefor^ the depdi Q to which die driv- 
ing tod 18 is driven into the recess 11 in die 
screw has the following relation^p widi the 
35 depth H of said recess: 

Accordingly, the bottom end of each groove 
19 of the driving tool firmly engages the re- 
spective rib 14 of the screw at a point S. 
40 Throu^out die foregoing embodiments, the 
above-mentioned taper angle a of the ribs 14 
is defined as follows: 

lo<«<10o 

and preferably 
45 P<«<7<> 



Referring to Kg. 9, with a force (designated 
as N) acting at right angjes to the interface 
between each rib 14 of the screw and the . 
respective groove 19 of die driving tool, a co- 
efficient of static friction ^ and the dead SO 
weight of die screw 10 equal to W, then die 
following formula must be satisfied to pre^ 
vent the screw 10 from g^vitatiimally Ming 
off die driving tool 18. 

;iiVcos<s>//sina+IF 55 

dierefore^ 

W 

/t>tan«+— sectf 
N 

Sinc^ in diis case N»W and seca4:l 
if a is taken to have a small valu^ the fol- 
lowing formula results: 60 

/i^tana 

Namely, the re<}uisite condition for the screw 
10 to be firmly engaged widi the driving tool 
18 widiout falling off under the action of 
gravity is than tan a should be smaller than 65 
die coefficient of static friction. Steel-to- 
steel static friction coefficient ^ ranges from 
0.15 to 0.25 when die friction surface is dry, 
and &om 0.14 to 0,18 when oil is attached to 
said friction surfece. 
Therefor^ 

tana<0.18, 

and preferably 

tana<0.14 

/.«<10^ 75 

and preferably 

Since an unduly small taper angle a of the 
peripheral surface of the ribs 14 of the screw 
presents difficulties in releasing the driving 80 
tool 18 from the screw 10, the taper angle a 
is preferred to be greater than or equal to 1°. 

Throughout die foregoing embodiments, die 
periiAeral surfaces of die ribs 14 of the screw 
and the inner surfaces of die grooves 19 of 85 
the driving tool are designed to enga^ each 
other v^en the driving tool is inserted mtx> 
the recess in the screw* However^ it is pos- 
sible to taper die peripheral waUs of die 
grooves 15 of the screw and the outer sur- 90 
face of die lobes 20 of the driving tool « 
similariy at angles of a and fi respectivdy for 
concurrent mutual engagement 

The fastener of Figs. lOA and llA is a 
screw 26 having a fiat fillister head 25; die 95 
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fastener of Hgs. lOB and IIB is a headless 
set screw 28 consisting of a threaded shank 
27; the fastener of Figs. IOC and IIC is a 
screw 30 widi a flan^ head 29; and the 
S fastener of Figs^ lOD and IID is a screw 32 
with a pan head 31. These screws 26, 28, 30, 
32 are provided with recesses lla, lib. He, 
lid respectivdy which are of the same type 
as Ae recess 11 of Figs. 1, 2 and S to 8. 

10 WHATWE CLAIM IS: — 

1. A sctew-threaded fastener having a recess 
m one end tiiereof \^di is adapted to re- 
ceive a fastener driving tool, the recess bdng 
provided on its inner peripheral wall with a 

1 5 0\irality of rihs extending substantially paial- 
Id to & axis of the fastener and a ^urality 
of grooves d^ed between the respective 
adjacent ribs, the cross-sectional profile of the 
outer surface erf each groove ccHnprising an 

20 arc of a firs^ common drde whose centre is 
situated substantially on the axis of the 
fastener the cross-sectional profile of each rib 
being formed by an arc of a respective second 
cirde which intersects said first drde, the 

25 centre of the resx)ective second drde being 
disposed on or within the perijAery of the 
first drde, each rib merging widi each adja- 
cent groove through the intermediary of a 
curved portion which, in cross-sectional pro- 

30 file, joins ^e rib at a point at whidi a 
ra2us of said first cirde tangentially contacts 
the respective second drde or at a pjoint 
further away from die centre of the first drde 
tfian said tangential contact point 

3S Z A fastener as daimed in Claim Ij wfaerdn 
the centre of the respecuve second drde is 
di^Kised between the periphery of the first 
aide and a diord connecting the points of 
intersection between die fim drde and the 

40 respective sectod drde* 

3, A fostener as daimed in Ghlms 1 or 2, 
wfaorem the ribs are equidistandy provided on 
the Im^ peri^eral wall of the leces^ and 
die diameter 4d <^ second drde is de- 

4S fined by die formula: 
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2 n 



4 JT 

— Do 

5 n 



2 IT 3 V 

3 n 4 n 



5. A fastener as claimed in any preceding 
Qaim, wherdn the peripheral surface of eac£ 

rib tapers inwardly with re^t to the 55 
fastener axis at an an^e a ddned by the 
formula: 

P<«<100 

6. A fastener as daimed in Qaim 5, wherein 
the peripheral surface of each rib tapers in- 
wardly widi respect to tiie fastener axis at as 
angle o d^ed die f(»mnla : 



where n is die number of ribs» and Z)« is die 
diameter of the first drde; 

4. A fastmer as daimed in daini 3> 
wherein die diameter of eadi second drde 
is defined by the formma: 



lo<a<7^ 

7. A fastener as claimed in any preceding 
Claim> wbeieb between four and eight ribs 
are {wsvided. 

8. A fastener as claimed m Qdm 1, 
wherein six ribs are provided. 

9. A fastener as daimed in any preceding 
Qaim, comprising a head and a screw- 
dueaded shank, and wherdn the recess is 
formed in the head and the shank extends 
co-arially wi± respect to the recess, 

10. A fastener as daimed in Claim 9, 
wherein die head is of a plain type. 

11. A fastener as. daimed in Qaim 9, 
wherdn die head is of a flat fillister type. 

12. A fastener as daimed in Qaim 9> 
wherein the head is of a flanged type. 

13. A fastener as daimed m Qaim 9, 
^dierein the head is of a pan lype. 

14. A fastener as daimed in any one of 
Claims 1 to 8 in the form of a headless set 
screw. 

15. A fastener as daimed. m any preceding 
Qahuj herein the cross-sectional profile of 
each cinved portion is an arc of a respec- 
tive drde. 

16. A fastener substantially as herembefore 
described witii reference to Figs. 1, 2, 5, 7, 8 
and 9, or Figs, 1, 2, 5, 7, 8 and 9 as modi- 
fied by Fig, 6, or Figs. lOA and UA, or 
Figs, lOB and IIB, or Figs. IOC and IIC, 
or Figs, lOD and IID of die accompanyiiig 
drawings^ 

MARKS & CLERK» 
AliAa Tower, 
A.T.V. Centre, 
Birmii^amj Bl ITT. 
Ag«its for the Apjdicants. 
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